A convenient method for determination of sodium azide in beverages using ion chromatography is described. This method combines the specificity for azide with a simple sample preparation using a bubble and trap apparatus that removes any interferences. Sodium azide in a sample was acidified, and the azide was converted to the volatile hydrazoic acid, which was trapped in 2.5mM sodium hydroxide solution. Determination was performed by isocratic ion chromatography using suppressed conductivity detection. Calibration curves were linear for 0.5 to 20 mg/mL sodium azide and the detection limit was 0.05 mg/mL. Recoveries of sodium azide from spiked samples (10.0 mg/g) were more than 82.6%. The method was then used to analyze various beverages.
S odium azide, which is used as a preservative for laboratory reagents and a propellant for automotive safety bags, has high acute toxicity. Its oral LD 50 in rats is 45 mg/kg, about 5 times greater than that of potassium cyanide (1, 2) . In spite of its high toxicity, sodium azide was not regulated as a deleterious compound.
In 1998, mass poisoning with sodium azide occurred throughout Japan, and was probably inspired by an incident earlier in the year of arsenic intoxication. Sixty-seven persons were poisoned with arsenic and 4 of them died after ingestion of curry and rice in which someone mixed arsenic at a summer festival in July 1998 in Wakayama, Japan.
After these incidents, however, administrative actions were taken by the Ministry of Health and Welfare. Sodium azide was then regulated as a poison by the Poisonous and Deleterious Substances Control Law (3) .
Analytical methods for sodium azide in wine (where it is used as a preservative) have already been reported. These methods have included spectrophotometry (4) and liquid chromatography (LC; [5] [6] [7] [8] . Each has its disadvantages. The spectrophotometric analysis requires a skilled procedure. The LC methods require a complex procedure to prepare the sample solution (distillation or derivatization). Recently, ion chromatographic (IC) methods were widely used for determining common anions (except for azide ion) in water samples (9) , and azide ion in reagent proteins (10) , because of the ease of operation and direct analysis. To apply the IC method to food samples, an additional cleanup is necessary to first remove the matrixes in food, such as organic acids, protein, lipids, and colored substances.
The objectives of this study were to develop an IC method and sample preparation technique using a bubble and trap apparatus for determining sodium azide in beverages.
METHOD

Apparatus
(a) IC system.-IC7000E (Yokogawa Analytical System, Tokyo, Japan), equipped with guard column (Excelpak ICS-A2H, 25 × 4.6 mm id, 5 µm), anion separator column (Excelpak ICS-A23, 75 × 4.6 mm id, 5 µm), anion suppressor device (cation-exchange membrane tubing, HPS-SA1), pumps to maintain flow rate of 0.8 mL/min, 50 µL sample loop and conductivity detector (sensitivity range, 0-5 mS/cm). Data system is recommended for measuring peak height.
(b) Bubble and trap apparatus (Figure 1 ).-Test tubes A and B (Nippon Rikagaku Kikai [NRK], Tokyo, Japan) were connected with Teflon tubing (NRK) to a bubbler (available on special order from Asahi Techniglass Co., Nagoya, Japan) that was equipped with sintered-glass filters to make fine bubbles during aeration.
Reagents
Analytical grade reagents were used throughout. (a) Water.-Obtained using a Puric-Z system (Organo, Tokyo, Japan).
( Safety precaution: Spreading or mixing sodium azide with a metal spatula or grinding sodium azide may cause it to detonate. In disposing of outdated solutions, acids must never be mixed with sodium azide solutions. Sodium azide standards must never contact metallic components (sink drains) because highly explosive metal azide will be formed. Azide should be decomposed by a reactant (such as nitrous acid) before disposal.
(e) Anion standard solutions.-1000 µg/mL. Stock standard solutions (fluoride, chloride, nitrite, bromide, nitrate, phosphate, and sulfate ion) were purchased as certified solutions from Wako (Osaka, Japan). Working solutions were prepared fresh every week.
(f) Antifoam.-Tri-n-butyl phosphate.
(g) Dilute sulfuric acid.-Dilute one part concentrated sulfuric acid with 4 parts of water.
Samples
Beverage samples (milk coffee, grape juice, vegetable juice, sports drink, oolong tea, coffee, cocoa, milk, and wine) were randomly collected from local markets. Spiked samples of each beverage were used to validate the method's accuracy. The samples, weighed in test tubes, were alkalized with 0.1M NaOH solution (0.05 mL/1 g sample) and kept at 4°C until sample preparation. The extraction and analyses usually were performed within 1 day of sample preparation.
Sample Preparation
Accurately weigh a sample (1.00 g) in the 50 mL test tube A. Add water so the total volume of the mixture is 10 mL and add ca 10 mL antifoam. Place test tube A in a water bath heated to 40-50EC. Add 10.0 mL trapping solution to the 50 mL test tube B. Place test tube B in an ice bath. Assemble apparatus as in Figure 1 . Safety precaution: Hydrazoic acid is highly toxic in the gas phase. Its inhalant toxic concentration in man is 3 ppm (1). Absorption through skin can lead to a fatal reaction. Special care should be taken to perform the sample preparation in a well-ventilated fume hood.
Calibration
Prepare calibration standards at 0.5, 1.0, 2.0, 5.0, 10.0, and 20.0 µg/mL and a blank. Inject 50 µL of each calibration standard and plot peak height responses versus concentration. Calculate the sodium azide concentration using the prepared calibration curve.
Results and Discussion
Optimization of IC Conditions
To achieve sufficient separation of 7 common anions and the azide ion, the IC conditions were optimized. Typical ion chromatograms are shown in Figure 2 . However, the azide could not be quantitated because of the coeluted nitrate. Using a tetraborate eluant system and another type of IC instrument with gradient pump capabilities, complete resolution of the azide and nitrate was obtained (10) . However, it did not meet the needs of our laboratory. Using a carbonate eluant system, an isocratic chromatographic system was selected. Therefore, we performed additional experiments to extract the azide from samples. The results are mentioned in the next section.
The IC calibration curve for azide has excellent linearity over the concentration range 0.5-20.0 µg/mL. The data indicate that the IC instrument detection limit based on a signal-to-noise (S/N) ratio of 3 is approximately 0.05 µg/mL for azide. The IC reproducibility data for retention time and peak height of 5.0 µg/mL azide are obtained from 6 replicate determinations. The relative standard deviations (RSDs) for the retention time and peak height were 0.06 and 1.31%, respectively. 
Optimization of Extraction of Azide by Bubble and Trap Apparatus
The extraction procedure was performed using a bubble and trap apparatus. The principle of the procedure is as follows: In acidic solution, sodium azide is converted to hydrazoic acid, which is volatile at its boiling point (bp) of 37°C (2) . Hydrazoic acid is removed with air from the acidified sample, collected in NaOH solution (trapping solution), and then determined by IC.
To improve recovery, the reaction test tube was surrounded by a water bath heated to 40-50°C higher than the bp of hydrazoic acid, and the trapping test tube was in an ice bath. Several parameters were optimized using standard solution (10.0 µg/mL) and spiked milk coffee at 10.0 µg/g, including the selection of acid, volume of acid, volume of sample, flow rate of bubbling air, time of aeration, and volume of NaOH in trapping solution.
Sulfuric acid was selected because sulfate eluted separately from azide and could not hinder peak resolution on the IC chromatogram. It was sufficient to acidify the sample (1-10 g) by adding 1 mL dilute sulfuric acid to generate the hydrazoic acid. The sample volume limit was 10 mL for a standard solution. When a 10.0 g spiked milk coffee was analyzed, foaming was too heavy to continue. The sample volume was then decreased to under 1.0 g, and tri-n-butyl phosphate (about 10 µL) was added as an anti-foam reagent. The flow rate of bubbling air and time of aeration were studied by comparing recoveries. These results of the standard solution are shown in Figures 3A and B . We chose a flow rate of 200 mL/min and a 20 min aeration. The concentration of NaOH in the trapping solution was studied. The recoveries remained constant in the range of 2.5-5.0mM. At greater than 2.5mM NaOH, the azide in the trapping solution was stable for at least 2 days when stored at 4°C. We chose the 2.5mM NaOH solution for the trapping solution. 
Recovery and Reproducibility
The method was evaluated by analyzing 10.0 mL each of 0, 0.2, 1.0, and 10.0 µg/mL standard solutions, and 1.00 g each of milk coffee spiked with sodium azide at 0, 1.0, 2.0, 10.0, and 100 µg/g. Average recoveries and standard deviations were obtained from 6 replicate determinations. The results and typical chromatograms are shown in Table 1 and Figure 4 , respectively. Recoveries and RSDs were satisfactory at 1.0 µg/mL and higher levels. However, recoveries dropped off at lower than 0.2 µg/mL levels. The method detection limit was 1.0-2.0 µg/g sodium azide for a 1.0 g sample.
Effects of Coexisting Substances
As described above, interference is caused by nitrate whose retention time overlaps with that of azide on the chromatogram. Nitrate is contained in fruits and vegetables at about 30-1500 µg/g (11) . To study the behavior of nitrate in this method, a 1.0 mL stock standard solution (1000 mg) was analyzed. It was found that nitrate was not carried through the procedure (less than 0.05 µg/mL), but remained in the residue. Therefore, nitrate was removed by the extraction procedure, and azide in plant foods was accurately determined by IC. On the contrary, as shown in may be carried as mist from the acidified sample with sulfuric acid. Because complete resolution of sulfate and azide was obtained, it was never a problem throughout the determination. It is well known that azide forms a complex with heavy metals (2) . The formation of the colored complex of azide with ferric chloride under acidic conditions (pH 2.5) was used for the spectrophotometric detection (4) . To study the effect of the ferric ion on the recovery of azide, 10 times the content of ferric ion was added to the 10.0 µg/mL standard solution. The recoveries remained constant before and after the addition of ferric ion. It is assumed that hydrazoic acid could not dissociate and then react with ferric ion under the strong acidic conditions.
Determination of Various Beverages
The method was used for the determination of sodium azide in various beverages. Azide was not detected in any of the samples. Also, interfering peaks were not observed on the chromatograms. The samples spiked with sodium azide at 10.0 mg/g were then analyzed. As shown in Table 2 , azide was always recovered from the various types of matrixes. Their main ingredients were protein, lipids, sugar, inorganic salts, organic acids, and colored compounds. These substances were removed by the extraction procedure using the bubble and trap apparatus. Therefore, clear sample solutions were obtained, and the determination was accurately performed without fouling the column.
Conclusions
The method developed in this study involves the extraction of azide from a sample using the bubble and trap apparatus that removes any interferences, and then direct determination by isocratic IC with conductivity detection. Generally good recoveries and precision were obtained for the determination of azide in spiked beverages with various types of matrixes. This method is specific for azide, and can be used as a confirmation technique for samples suspected of being laced with azide. 
